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1. Introduction
Activity 4.3 shall focus on the investigation of anaerobic digestion of biowaste. Anaerobic
digestion is a biological process able to guarantee the proper treatment of the streams of organic
wastes minimizing the environmental impacts in terms of carbon footprint and release of
hazardous substances in air and water. Moreover, it allows for the recovery of energy and
nutrients (nitrogen and phosphorus) useful for the reuse of Digestate. It is therefore of particular
interest to examine the application of AD as an alternative method for the treatment of the organic
waste collected on Tinos Island: in fact, in a global treatment scheme, AD should anticipate
composting in order to recovery both energy and matter.
Anaerobic digestion is widely applied in Europe for treating organic wastes while recovering
biogas, a flexible biofuel. At present there are some 14,000 AD plants working in Europe, ca. 25%
dedicated to the treatment of municipal organic waste, like biowaste, food waste or wastewater
sludge (www.european-biogas.eu).
According to Mattheeuws and De Baere (2010) at present some 7 million tonnes of biowaste are
anaerobically digested within EU Countries. Biowaste is normally pre-treated and prepared for the
AD process by means of steps dedicated to the removal of inert material and size reduction.
However, more recently, also another option came in operation: biowaste pressing for the
production of two streams, one semi-liquid to be digested and a second one solid to be composted
(Hansen et al., 2007).
In this study we considered the anaerobic digestion of the semi-liquid fraction deriving from a
press specifically designed for biowaste treatment. Both mesophilic and thermophilic conditions
were considered for the AD process: beside the operational parameters and yields also the
digestate characteristics were considered in detail in order to respond to the requirements defined
in the “End of Waste Citeria” technical proposal by the Joint Research Center of Sivilia of
January 2014. Considering the presence of a wastewater treatment plant in the area of Pyrgos,
Tinos island, also the co-digestion process where wasted sludge and biowaste are co-treated in
the same reactor, was investigated as a possible option. The research was carried out using two
pilot scale reactors, CSTR type, completely equal in terms of: electro-mechanics, working volume
(0.23 m3) and heating system. The content of heavy metals and pathogens of fed substrates and
digestates, in the two experimentations (AD and Co-AD), were analyzed.
2. Material and methods
In this study we considered the pre-treatment of separately collected biowaste in a dedicated
press able to produce two streams, one liquid and a second one solid. It allowed for the assessing
of the improvement of performance in terms of biogas yields with the use of the extremely
biodegradable liquid stream intended for anaerobic digestion, both in mesophilic and thermophilic
conditions. Treated biowaste was previously sieved and metallic residues removed. The material
was shredded in a knife mill, then in a under-sink food waste disposer, and finally treated in a
press for the separation and the maximum recovery of the more easily biodegradable fraction.
Only the "juicy" fraction was then sent to the anaerobic process while the semi-solid part
characterised by a higher content of dry matter was suitable for a subsequent stabilization process
as composting. The semi-liquid stream was then sent to two CSTR anaerobic digesters, one
mesophilic (37°C) and the other one thermophilic (55°C) working with an organic loading rate in
the range 3 - 6 kgTVS/m3r per day and a hydraulic retention time of 20 days to simulate the best
operating conditions expected at a full scale treatment plant.
This chapter provides a detailed illustration of the instrumentation used in the anaerobic
treatments.
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2.1 Instrumentation
The biowaste arising from the door-to-door and centralized collection carried outin the
Province of Treviso, after a preventive screening and metals removal was first treated in a knife
mill (picture in Figure 1), for reduction on size of the waste below 5 cm. Then all the biowaste
was completely shredded and mixed through a shredder under-sink with some water.

Figure 1 –

Knife mill: full picture and details

The shredded material is then shredded in a second shredder and pressed: the semi-liquid part
was sent to a completely stirred tank reactor (CSTR) with a working volume of 230 liters (Figure
2), housed on a demountable. The reactor is made of stainless steel AISI-304, the mixing is
ensured by mechanical arms-still agitators in order to maximize the uniformity material degree
inside the reactor, thus avoiding the classical stratification of floating materials and heavy in the
head and on the bottom of the reactor. The temperature of 37 °C (mesophilic thermal regime) and
55 °C (thermophilic thermal regime) of the reactors is maintained constant by an external jacket,
in which heated water by a boiler is recirculated, and proper structure insulation.
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– Images of the reactors

The biogas produced is sent to a hydraulic guard with the purpose of maintaining an operating
pressure of 0.1 m water column in the gas line. The biogas production is monitored by a flow
meter by Ritter CompanyTM (Figure 3). The percentages of methane, carbon dioxide and oxygen
are determined through a portable infrared gas analyzer GA2000TM (Geotechnical InstrumentsTM).

6

Deliverable 4-4: A technical report on the results of the study of the anaerobic digestion of collected biowaste

Figure 3

ISWM-TINOSLIFE10/ENV/GR/000610

– Flow Meter Ritter and reactor hydraulic seal
Table 1 – Monitoring

Stability parameters
pH
Alcalinity
Ammonia
Volatile Fatty Acids
Conductivity
Total and Volatile Solids
Process parameters

parameter

pH
ALK
NH3
VFA
COND
TS-TVS

Unit of measure
mgCaCO3/l
mgN-NH4+/l
mgCOD/l
mS/cm
g/l

Frequency
daily
daily
daily
daily
daily
2 per week

Hydraulic Retention Time

HRT

days

-

Organic Loading Rate

OLR

kgTVSfed/m3rd

daily

Gas Production Rate

GPR

m3biogas/m3rd

daily

Specific Gas Production

SGP

m3biogas/kgTVSfed

daily

Gas Composition

%CH4 %CO2

%

daily

Chemical Oxygen Demand

COD

gCOD/l

1 per week

Total Kijeldal Nitrogen

TKN

mgN/l

Yields

Macronutrients

Total Phosphorus

Ptot

1 per week
3-

mgP-PO4 /l

1 per week

2.2 Analytical methods
The biowaste composition was determined in accordance with the procedure reported by
MODECOMTM (1998). The characterization of organic waste is done weekly in terms of total and
soluble COD, TKN and total P. The concentration of volatile solids is characterized twice a week.
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The monitoring of the anaerobic process was carried out by determining the following
parameters: pH, total and partial alkalinity, ammonia, conductivity, VFA, TS, TVS, TKN and
total phosphorus. The analysis program and the relative sampling frequencies, for the monitoring
of the anaerobic reactor, is summarized in Table 1. All the analyses performed according to the
Standard Methods for Water and Wastewater Analysis (1998).
The test trials involved anaerobic digestion, after inoculation of the reactor, a start-up phase of
the reactor characterized by a gradual increase of the organic load. In stationary conditions the
organic load applied must be in the range of 3.0 and 3.5 kgTVS/m3rd and the hydraulic retention
time of 20 days.
3. Results and Discussions
In this chapter the characteristics of treated biowaste are reported first. Then, the process
yields for both mesophilic and thermophilic anaerobic digestion and co-digestion are discussed.
3.1 Characterization of biowaste
Biowaste originated from both a door-to-door and centralized collection scheme: part of the
collected organic waste in the conferred to the experimental hall of Treviso WWTP twice a week.
The biowaste has a content of dry matter of 298 gTS/kg, 90% is represented by volatile solids.
The high biodegradability of the matrix is emphasised by the COD values, which showed average
values greater than 900 mgO2/l.

Table 2 –

Parameter
Total Solids
Total Volatile
Solids
TVS/TS
COD
TKN
P tot

Biowaste characteristics

units
g /kg

Average
298

Max
151

Min
331

g /kg

267

133

283

%
mg/gTS
mgN/gTS
mgP/gTS

90
915
28
3.2

80
780
13
2.0

91
1103
44
3.7

Biowaste composition showed that the organic content was higher than 82% (on wet weight)
while the remaining parts were paper (11%) and inerts (7%). The homestead fractions for each
type of material in terms of wet and dry weight, and volatile fraction are shown in Table 3.
Table 3 –

Fractions
paper
plastic
inert
organic

8

Commodity characteristics of biowaste
Wet weight
%
10.75
0.85
6.88
81.52

Dry weight
%
11.25
1.20
11.33
76.22

Volatile
%
12.87
1.31
8.16
77.66
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Characteristics of pressed biowaste (juice) are shown in Table 1.
Table 4 –

Parameter
TS
TVS
TVS/TS
COD
TKN
Ptot

Characteristics of pressed juice biowaste

m.u.
gTS/kg
gTVS/kg
%
mg/gTS
mgN/gTS
mgP/gTS

Average
196
164
88
1061
27
3.8

Max
241
211
93
1137
36
5.0

Min
128
112
84
998
19
3.0

3.2 Mesophilic digestion and co-digestion trials
The anaerobic digestion trial started using an inoculum originated from a full-scale
mesophilic AD process. The reactor was maintained at the operating temperature of 37°C, feeding
with a low loading rate and intermittent for a week, in order to acclimatize the biomass to the
organic matrix fed, the latter being characterized by a high biodegradability.
Once the methanogenic biomass was active and responding appropriately in terms of biogas
quality, the reactor was fed daily, increasing the organic loading rate from 1.5 kgTVS/m 3rd to 3.6
kgTVS/m3rd in one week. However the process showed symptoms of instability, probably due to a
too fast increasing of the organic loading rate and consequently an overload of it. Thus feed was
stopped for one week. At the 19th day feed has been taken up again with a low OLR,
approximately 1 kgTVS/m3rd, and then incremented in till day 35th when the organic loading rate
was 3.0 kgTVS/m3rd. It turned out evident the necessity to start up the process increasing
gradually the flowrate because of the high biodegradability of the semi-liquid stream.
3.2.1 Stability parameters
The average content of total solids remained almost constant with an average value of 22.7
gTS/kg and an average volatile solids content of 16 gTVS/kg. It’s thus highlighted the large
capacity of the system to convert the organic matter into biogas, leaving a residue of dry matter
less than 3% within the digestate (Figure 4).
The content of total and volatile solid outlines the achievement to the stable state conditions of
the system (SSC) after 3 HRT (day 60). Precisely the average content of total solids and volatile
solids remains almost constant. The ratio between total solids and volatile shows an average value
of 70.4% (TVS/TS).
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– TS & TVS trend

As already mentioned, the reactor showed initial difficulties: the organic loading raised
probably too fast and resulted in a considerable increase in the concentration of volatile fatty acids
(VFA) in particular acetic acid and propionic acid. It was therefore decided to stop for some days
the reactor feeding in order to allow the system to recover the stability conditions. Figure 5 shows
the progressive consumption of VFA following the suspension of feed after day 10. Once the
system recovered, the feeding of the reactor was gradually increased to the operating rate in the
following 30 days: in this case, the concentration of VFA remained nearly constant, showing an
average value of 560 mgCOD/l.

Figure 5
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In the following days after the 2nd complete HRT the concentration of soluble COD increased and
remained in the range 2000-3000 mgCOD/l at the achievement of the organic loading rate of 33.5 kgTVS/m3rd (Figure 6).

Figure 6

– OLR and sCOD trend

VFA concentration increased but remained below 2 g/l, with an average value of 912
gVFA/l. Soluble COD soluble reached an average value of 2294 mgCOD/l. The heterogeneity of
the organic fraction determined inevitable variations in the solid content (standard deviation ± 60
gTS/kg); accordingly, the OLR fluctuated between 3 and 6 kgTVS/m3rd, thus imposing a transient
condition to the system. The system didn’t show any upset to its stability, thus indicating good
robustness of the process also in transient conditions, a relevant aspect for the full-scale
implementation of the process.
As for pH, this remained constant, particularly in steady state conditions (SSC), with an
average value around 7.7 because of the high buffer capacity of the system.
Also pH showed a transient behaviour. In particular, the initial pH of the digestate was 7.6, then
decreased as the concentration of volatile fatty acids did but remained always in a range
compatible with the methanogenic environment .
The pH stability after the gradual recovery was due to the high buffer capacity of the system:
this is expressed by a value of total alkalinity of 4100 mgCaCO3/l at days 25-30. Then the total
Alkalinity has been stabilized with an average value of 5177 mgCaCO3/l, during SSC. Figure 7
shows the trend of both partial and total alkalinity.
The ratio between VFA concentration and alkalinity was also evaluated.
The concentration of volatile fatty acids and alkalinity are the two parameters that show a more
rapid variation when the system trends to withdraw from steady state, since in case of problems,
the concentration of fatty acids verges to increase while the alkalinity tends to decrease. A useful
parameter to consider is the relationship between these two amounts (Cecchi et al., 2005). Ratio
values around 0.3 indicate a stable operation of the digester, while higher values may indicate the
inception of instability.

11

Deliverable 4-4: A technical report on the results of the study of the anaerobic digestion of collected biowaste

ISWM-TINOSLIFE10/ENV/GR/000610

When the organic load increased from 3.5 to 4.5 kgTVS/m3rd the ration was around 0.22, thus the
system achieved a perfect steady state even with the transient increasing of the organic loading
rate.

Figure 7

– Alkalinity trend

The monitoring of total ammonia showed an average value of 878 mgN-NH4+/l and 64 mgNNH3/l as free ammonia, well below the typical critical level for inhibition typically reported in
literature (Chen et al., 2008). Ammonia trend is showed in Figure 8.

Figure 8
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4. Biogas production and composition
The composition of biogas in terms of methane and carbon dioxide contents is another
indication of stability.
The average percentage of methane detected was 66% CH4 and presents constant from the
beginning of the second HRT until the end of the experimentation of AD, outlining the stability of
the mesophilic reactor under these operating conditions.

Figure 9

– Variation of the methane percentage in the time

The following graphs (see Figure 10 and Figure 11) outline how there has been a rapid
recovery of methanogenesis with specific production of biogas (SGP), which, after passing the
first retention time (20 days) is, on average, a value of 0.67 m3/kgTVS with about 67% of
methane. The specific production of methane (SMP) is about 0.46 m3CH4/kgTVS, corresponding
to a potential of 1 kWh electric energy per kgTVS.
The biogas composition in terms of average percentage of methane detected in CSS was 66%
CH4 and the remaining part CO2. The specific methane production (SMP) average was therefore
0.47 m3CH4/kgTVS.
Referring to biowaste input to the digester, it can be estimated a biogas production of about
160-180 m3 per ton of treated biowaste and an energy yield around 350 kWh of electrical energy
per tonne treated. In steady state condition the process showed great strength and resilience with
reference to the process parameters (pH, alkalinity and VFA concentration, and biogas
composition).
In the best operating OLR and HRT conditions the average specific gas production (SGP)
value and the gas production rate (GPR) were: 0.79 m3biogas/kgTVS and 2.3 m3biogas/m3rd,
interesting with maximum values reached in SGP 0.82 m3biogas/kgTVS in a period of increased
OLR back to 4.5 kgTVS/m3rd, with a duration of 4 HRT. Interesting values in the velocity of
biogas production were achieved in the latter period, precisely average value of 3.1
m3biogas/m3rd.
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Specific gas production trend

Figure 11–

Specific methane production

5. Mass balances
During the steady state of the mesophilic reactor, with OLR between 3 and 3.5 kgTVS/m3rd,
was calculated the mass balance between the incoming matter (biowaste juice) and the outgoing
one, the biogas and digestate produced.
The quantity in grams of TVS transformed into biogas per day turns out to be 512 gTVS / d.
The quantity of digestate, calculated in terms of TVS per day, leaving the reactor is 184 gTVS / d.
The biowaste in input to the digester is calculated in terms of the TVS, 790 gTVS / d.
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The calculation of the output in terms of the percentage of reduction turns out to be 88.2%
based TVS, then the balance deficit expressed as a percentage (also called balance sheet %) is
-11.8 %, -13% in terms of TS.
In the period of duration of 2.5 HRT, with increase of the organic load in input the mass
balance in relation to the content of total solids in the input and the production of biogas leaving
the reactor reported in abatement percentage: 86.8 % based TVS, is therefore expressible in the
balance deficit of -13.2 % (TVS) and -14 % in relation to total solids.
Nitrogen balance is expressible with 85.5 % and a balance sheet of 14.5 %, so the phosphorus
output was slightly higher in the digester with a percentage of 105% and an excess of 5%.
The COD in the balance sheet reflects a deficit of 13.8 %.
In conclusion we can say that the mass balances of the mesophilic anaerobic system showed
deficits or surpluses in the transformation of matter, entirely within the error rate (10%).
6. Mesophilic co-digestion
The treatment of anaerobic co-digestion is a promising approach for the treatment of the
organic fraction of municipal solid waste (biowaste) and sewage sludge in an integration cycles
between water treatment and collection of the organic fraction of municipal solid waste.
The term anaerobic co-digestion means the simultaneous treatment by anaerobic digestion of a
mixture of two or more organic substrates (Sosnovsky et al., 2008). The co-digestion of manure
and organic wastes of different nature is in fact currently a standard practice in Europe. In recent
years it has grown such use in the treatment of the organic fraction of municipal solid waste mixed
with sewage sludge.
The co-digestion option was evaluated considering the typical per capita productions of waste
activated sludge (WAS) and biowaste, namely 40 g of dry matter of sludge per inhabitant per day
and 100 g of biowaste per inhabitant per day. The results obtained with an average OLR of 1.7
kgTVS/ m3rd.
The observed biogas yield in this condition 0.56 m3/kg TVSfed in mesophilic conditions,
consistent with literature data.
7. Thermophilic digestion and co-digestion
The inoculum used for starting up the thermophilic reactor: originated from the same full-scale
reactor used for the mesophilic reactor. After the first days of operation the temperature reactor
was turned up from 37°C to 55°C in one step, stopping the feeding. Stable thermophilic
conditions were reached in a couple of days. The reactor was then maintained at a constant
temperature of 55°C. It was fed with a low organic loading rate for a week, with the aim of
acclimate the biomass to the organic material fed.
After we verify that the biomass was active and responding appropriately in terms of quality of
biogas, the reactor was fed daily increasing gradually the organic loading rate from 0.9
kgTVS/m3rd to 3.6 kgTVS/m3rd in two operativity weeks. The HRT was kept at 20 days. During
the start-up period the process didn't show symptoms of instability: the gradual and constant
increasing of the organic loading rate didn't lead to rapid variations of the stability parameters that
were, instead, maintained inside the optimal range for the anaerobic digestion. The feed has being
reached, in less than one HRT precisely 14 days, the estabilished organic loading rate of 3-3.5
kgTVS/m3rd.
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7.1 Stability parameters
After 14 days of operation the organic loading rate was maintained constant (between 3 and 3.5
kgTVS/m3rd), fluctuations are related to the variability of the biowaste collected fractions.
Although the soluble COD content (sCOD) was maintained below 2 g/l.
During the second HRT the feeding was discontinued for about two weeks, due to the summer
break. The alternation of the load caused a progressive consumption of soluble COD (i.e., VFA)
and the following reduction in methanogenic activity.
Following the load was again led to the operating values and an accumulation of soluble COD
was observed. The biomass showed no inhibition but to prevent the possible collapse of the
system the loading had been slightly reduced and the concentration of soluble COD was then
rapidly lowered.
The concentration of the short chain volatile fatty acids remained constantly below 1 g/l, with
an average value of 489 mgVFA/l (Figure 12). The average pH of digestate was 8.1. The buffer
capacity of the system has maintained the pH compatible with the methanigenic thermophilic
conditions. Average total alkalinity (determined at pH 4) in steady-state conditions was 5380 mg
CaCO3/l. Partial alkalinity (determined at pH 5.75) showed a profile in line with the behavior of
the volatile fatty acids, and consequently the difference between partial and total alkalinity, which
is directly proportional to the concentration of VFA, remained constant.

Figure 12

– VFA trend

The pH showed a constant trend during the whole process. In particular, the average pH of the
digestate is 8.23. At day 33, as already specified due to a momentary block feeding, the pH
increased in the following days to values of 8.5 which correspond to a reduction of the content of
VFA and the increase of concentration of ammonia nitrogen in the system. The buffer capacity of
the system has maintained the pH compatible with the thermophilic methanogenic conditions
(Figure 15).
The values of partial and total alkalinity stood at 5200 and 3900 CaCO3/l corresponding to a
ratio between the difference of the two alkalinities constantly equal to 0.23 (Figure 13). Even in
the thermophilic reactor this relationship was stable thus this assessment justifies the fact of the
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increasing OLR period to 4 - 4.5 kgTVS/m3rd testing also transient OLR conditions from 3 to 6
kgTVS/m3rd. The VFA/alkalinity ratio had an average value of 0.26. Therefore the system
achieved a perfect steady state condition also during increasing OLR conditions.

Figure 13–

Partial and total alkalinity trend

The ammonia concentration (as mgN-NH4+/l) presented an average value of 783 mgN-NH4+/l.
Figure 14 shows the trend of ammonia in the reactor along the experimentation.
The experienced block feeding of the reactor led to an expansion of the system HRT with the
consequence of an increase in ammonia concentration due to the demolition of proteins.
The corresponding value of free ammonia, dependent on the temperature and pH of the system,
in working conditions adopted, was on average equal to 324 mgN-NH3/l, a value below the level
of inhibition normally reported in the literature and indicatively higher than 700 mgN/l
(Angelidaki et al., 1994).
The average content of total solids remained almost constant with an average value of 16.3
gTS/kg and an average volatile solids content of 12.3 gTVS/kg. The ratio between total solids and
volatile shows an average value of 76.5% (TVS/TS), it’s thus highlighted the large capacity of the
system to convert the organic matter into biogas, leaving a residue of dry matter less than 2%
within the digestate.
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Trend of the concentration of ammonia nitrogen

7.2 Biogas production and composition
The following graphs (see Figure 15 and Figure 16) outline how there has been a rapid
resumption of methanogenesis with specific production of biogas (SGP), which, after passing the
first retention time (the best time outlined at 20 days), is already on value of 0.78 m3/kgTVS with
about 65% of methane.
The composition of the biogas in terms of methane average percentage was 68.8%. The
specific methane production (SMP) was 0.55 m3CH4/kgTVS (Figure 17). The production of
biogas was estimated at about 190 m3 per tonne (14% greater than the corresponding mesophilic
trial) for a production of electric energy greater than 400 kWh per ton. The GPR increased up to
3.4 m3biogas/m3rd with an average value in the steady state condition of 3 m3biogas/m3rd; very
interesting value from the point of view of the full scale implementation of the process (Figure
18).
Best SGP reached an average value as high as 0.94 m3biogas/kgTVS at an OLR 4.5 kg
TVS/m3rd period (4HRT), reporting an average increased value in biogas production of 0.9
m3biogas/kgTVSfed, similar to the ultimate biogas value obtainable from food waste.
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Variation in the percentage of methane in the time

The specific production of methane (SMP) is then about 0.55 m3CH4/kgTVS, corresponding to
about 1 kWh electric kgTVS. These values are very interesting in economic terms and in such a
thermally steady state thermophilic.
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Figure 16 –

SGP trend

Figure 17 –

SMP trend
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Similarly, the rate of production of biogas is increased up to 3.2 m3biogas/m3rd, a value very
interesting from the point of view of the exploitation of the reaction volumes available.

Figure 18 –

GPR trend

8 Mass balances
During steady state of the thermophilic reactor, with OLR between 3 and 3.5 kgTVS/m3rd, the
mass balance around the AD reactor, considering the incoming matter (biowaste juice) and
outgoing material, the produced biogas and digestate, was calculated.
The quantity in grams of TVS transformed into biogas per day turns out to be 578 gTVS/d. The
quantity of digestate calculated in terms of TVS per day leaving the reactor is 141 gTVS / d.
The biowaste in input to the digester is calculated in terms of the TVS 790 gTVS / d. The
calculation of the output in terms of the percentage of reduction turns out to be 91% based TVS,
then the balance deficit expressed as a percentage (% closing balance) is -8.9 %, -11 % in terms of
TS.
In the period of duration of 2.5 HRT, with increase of the organic load in input the mass
balance in relation to the content of total solids in the input and the production of biogas (output)
the reactor is reported in abatement percentage: 89.2 % based TVS, is therefore expressible in the
budget deficit of -11.8 % (TVS) and -13 % in relation to total solids.
Nitrogen closed at 87.5 % and a balance sheet of 12.5 %, so the phosphorus output was
slightly higher in the digester with a percentage of 104% and a surplus of 4%.
The COD in the balance sheet reflects a deficit of 11.4 %.
In conclusion we can say that the mass balances of the thermophilic anaerobic system showed
deficits or surpluses in the transformation of matter, entirely within the error rate (10%).
9 Thermophilic co-digestion
The anaerobic co-digestion can be considered as the most promising way to give a proper
treatment of the organic fraction of municipal solid waste.
Biowaste and sewage sludge play an important role in the process of co-digestion: the nitrogen
content in the biological sludge can fill a possible nutrient deficiency of the other co-substrate,
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while the highest degree of biodegradability of primary sludge and biowaste, carried out with
mixed sludge. It also would provide an additional contribution of carbon can be easily converted
into biogas.
The results obtained in the co-digestion in thermophilic sludge biological substrates between
the active and liquid fraction of organic waste were interesting, showing values of SGP 0.63
m3/kg TVS fed. These results are generally consistent with data from the .
10 Digestate characteristics
Heavy metals concentrations in the mesophilic digestate and substrates were evaluated (see
Table 5). The concentration of heavy metals in both the input matrix (biowaste) and in mesophilic
digestate reported values much lower than the limits of the technical proposals End-of-Waste
criteria (EoW-2014) elaborated by the Joint Research Center of Sivillia. The test methods, used to
analyze these concentrations, have been adopted were: EPA 3051A 2007 + EPA 6020A 2007.
Table 5 – Mesophilic

EU Reg.organic
agriculture
Cu mg/kg d.m.
Zn mg/kg d.m.
Pb mg/kg d.m.
Ni mg/kg d.m.
Cr tot mg/kg d.m.
Cd mg/kg d.m.
Hg mg/kg d.m.
As mg/kg d.m.

digestates and substrate characteristics on heavy metals concentrations

EoW 2014

BIOWASTE

WAS

200
600
120
50
100
1.5
1
10

47
112
1.54
43.7
61.5
0.4
0.055
0.24

249
1015
39
30
40
0.2
0.2
9

MESOPHILIC
DIGESTATE
68.1
155
17.3
42.1
85.9
0.23
0.24
0.25

CO DIGESTATE
138
452
0.2
17.4
34.8
0.1
0.1
0.2

Heavy metals concentrations of the thermophilic digestate and the substrates were evaluated as
well (Table 6). The concentration of heavy metals in both the input matrix and the digestate
reported values much lower than the limits of the technical proposals End-of-Waste criteria
(EoW-2014). The test methods, used to analyze these concentrations, have been adopted were
EPA 3051A 2007 + EPA 6020A 2007.
–
Thermophilic digestates and substrate characteristics on heavy metals
concentrations
Table 6

EU Reg.organic
agriculture
Cu mg/kg d.m.
Zn mg/kg d.m.
Pb mg/kg d.m.
Ni mg/kg d.m.
Cr tot mg/kg
d.m.
Cd mg/kg d.m.
Hg mg/kg d.m.
As mg/kg d.m.

EoW 2014

BIOWASTE

WAS
249
1015
39
30
40

THERMOPHILIC
DIGESTATE
52.5
129
7.81
27
51.5

CO DIGESTATE
105.8
352
0.1
23.5
29.4

200
600
120
50
100

47
112
1.54
43.7
61.5

1.5
1
10

0.4
0.055
0.24

0.2
0.2
9

0.26
0.08
0.19

0.1
0.1
0.1

It is therefore evident that digestate presented characteristics in line with the en-of-waste
criteria for heavy metals in all tested cases.
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11 Pathogens concentrations
The content of pathogens of fed substrate and both effluents digestates, in the two
experimentations, were analyzed (Table 7). While Salmonella spp was never found, the limit of
1000 CFU/g for E.coli proposed in the End of Waste Criteria technical report (2014) was reached
only in some occasions. This suggests the opportunity to treat digestate in a post-composting
process.
Table 7

– Substrates and digestates Pathogens concentrations

SAMPLE

TBC 37°C
ISS A 004A

TBC 22°C
ISS A 004A

E.coli

total
Coliform

Salmonella
spp ISS A
011A

BIOWASTE

4 · 108 UFC/g

8 · 108 UFC/g

7 · 105 UFC/g

6 · 105 UFC/g

n.r.

WAS

3 · 108 UFC/g

6 · 108 UFC/g 1 · 104 UFC/g

3 · 106 UFC/g

n.r.

Thermophilic

1 · 107 UFC/g

1 · 107 UFC/g

4 · 103 UFC/g

1 · 103 UFC/g

n.r.

3 · 106 UFC/g 4 · 106 UFC/g 3 · 103 UFC/g

2 · 104 UFC/g

n.r.

Mesophilic

12 Conclusions
The use of a press for treating biowaste produced a material characterized by a dry matter
content of about 20% and a very high degree of biodegradability. The solid fraction determined by
the press should be used for composting.
The semi-liquid stream then underwent to AD. After 10 HRT the mesophilic digestion showed
a biogas production of 0.79 m3/kgTVS, with 66% of methane. With an OLR of 4.5 kgTVS/m3rd it
reached values of 0.82 m3biogas/kgTVSfed.
The process maintained its stability conditions also subjected to the increase in organic load
and transient conditions of OLR from 3 to 6 kgTVS/m3rd. The co-digestion option had an average
OLR of 1.7 kgTVS/ m3rd, the observed yield was SGP 0.56 m3/kg TVSfed
In thermophilic conditions the biogas production had average value of 0.8 m3/kgTVS, with an
organic load of 3.5 kgTVS/m3rd and over 68% of methane. Significant and remarkable values of
specific biogas production of 0.94 m3biogas/kgTVSfed and 0.7 m3CH4/kgTVSfed at 4.7 kgTVS/ m3rd.
The system maintained its steady state even when subjected to the increasing organic load and
subsequent transient OLR conditions. The co-digestion option had an average OLR of 1.7 kgTVS/
m3rd, the observed yield was SGP 0.63 m3/kg TVSfed
In meso/thermo conditions and co-digestion the concentrations of the main heavy metals were
below the legal European limits considering possible future legislative developments (End of
Waste criteria 2014).
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